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0 Adoptive Immunotherapy as a treatment modality In humans. 

0 The present invention discloses a new approach to the 
therapy of cancer in humans based on the administration of 
lymphokine activated killer (LAK) cells and tnterlcuxin-2 (IL-2). 
Twelve patients with metastatic cancer* who had failed 
standard available therapy were treated. LAK cells were gene- 
rated from peripheral blood mononuclear cells obtained at 
multiple leukaphereses and incubated in the recombinant- 
derived lymphokine. IL-2. Following three to four days of in- 
cubation in IL-2. the resulting LAK cells were capable of rysing 
fresh tumor cells but not normal cells. These LAK cells were 
reinfused into the autologous patient, along with the intrave- 
nous administration of recombinant IL-2 every 8 hours. Pat- 
ients received up to 90 doses of IL-2 end from 2.8 to 1 2.6 x 10'° 
activated cells from up to 14 sequential leukaphereses. Six 
patients showed objective regression of established cancer. 
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ADOPTIVE IMMUNOTHERAPY AS A TREATMENT 
MODALITY IN HUMANS 



Background of the Invention 
Technical Field 

The present invention is related to adoptive 
immunotherapy as a treatment modality of certain 
disease types in humans. More particularly, the 
oresent invention is related to a method of trea-inq 
cancers and other immune-dysfunction diseases or 
conditions in humans using lymphokine activated killer 
cells in conjunction with the administration of 
interleukin-2. 

State of the Art 

Attemots have been r.ade Juring the past two 
decades to develop immunotherapies or the t reatment^of* 
cancer based on stimulating the host immune re soon se to 
the tumor. These aporoaches were based on attemots to 
immunize aoainst soecific tumor cells or with 
nonspecific stimulants in the hope that general immune 
stimulation would concomitantly increase the host anti- 
tumor response. Some experimental evidence indicated 
that this approach miqht be feasible in the therapy of 
established tumors. However, the inability to 
stimulate sufficiently strong responses to outative 
tumor antigens and the general immunoincompetence of 
the tumor bearing host, were factors that argued 
against the success of this aoproach. In fact initial 
clinical attempts were unsuccessful and were largely 
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An alternative therapeutic approach to the 
immunologic treatment of cancer is that of the adoptive 
transfer of immune cells. Adaptive immunotherapy is 
defined as the transfer to the tumor-bearing host of 
active immunologic reagents, such as cells with 
antitumor reactivity that can mediate, ei'.her directly 
or indirectly, antitumor effects. Adoptive 
immunotherapy represents an attractive approach to the 
therapy of cancer and other conditions related to ^ 
immune-dysfunction. It should be noted that because 
active immunologic reagents are being transferred to 
the host, complete host immunocompe tence is not 
reauired. Thus, the immunosuppression generally 
associated with the tumor-bearing state does not 
represent a major problem to this therapeutic 
alternative. Since host immunocompe tence is not 
required, and in fact may be beneficial to the effects 
of the adoptive transfer of immune c^-lls, adoptive 
immunotherapy can be easily combined with other 
therapies such as chemotherapy and radiation .therapy . 
Since the transferred reagents are immunological ly 
-specific, this treatment modality predicts a high 
degree of specificity and consequently a low 
morbidity. Further, in contrast to most other 
therapies, no immunosuppression is likely to result 
from this treatment. 

Virtually all prior attempts to perform adoptive 
immunotherapy have utilized animal models. The 
feasibility and efficacy of adoptive immunotherapy as a 
treatment modality for the correction or control of 
diseases, particularly cancers and immune-dysfunction 
dis ases in humans, has' not heretofore been 
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demons t .j t: r-d . review ■ nr-v. 

a o or; tivc- : rwc p <-> v. ^ r -i :i v o f c r\ c < 

c p. r. be f ou r. o : ri Tv o r. c- r*. :>•'.- r c; c- < : 
Res. 25:323-38B. 

Summary of the Invention 

It is, therefore, an object of the v-^sont 
invention to provide a method of treatino cancer and 
immune dysfunctions in humans by adoDtive 
immunotherapy . 

: h v ■ r« r •.- f. r - • i » r* i ; r i o n t o 
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t f i pc- r f or ::i 
;i:k1 humans 
r^nc-if r . 




*' : I. h i* r t*j **• "* c I ' - o *: ; ' '•" • - - " « * * "* * * *"* f * - ** " " ' * 1 * *■ 
invent ii-o win <::?r.vsnl th.- c : ^-.i 

description of tl.e present invention proceeds. 

^ric-f Description of Dr.Vwi r.os - • ; r 

These and other obifcts, features and r.anv of the 
attendant advantages of the invention will be better 
understood uoon a reading of the following detailed 
description when considered in connection with the 
accomoanying drawings wherein: 

Fia. 3 shows LAK activity of transferred cells. 
Peripheral blood mononuclear cells from each 
leukapheresis on patient No. 2 (listed in Table 2) were 
activat d vitn IL-2 to generate LAK cells and aliauots 
wer cryopreserved. At the completion of the treatment 
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nrc:t'»c.o) , al] r.wl er. w-.rr-:- I'h-jw,.;! p. nd tested 



intravonou*: ao-i ni stmt: ion o«' cither 30 ,..00 units/ko or 
100,000 unit* A a {patient HI. A r:i?in f ] \ in tho 

SGrjri Icrvel of IL-2 follows intravenous bolur. 
administration, consistent vith a two co«oonent half- 
life cf recombinant in humans. The first 
component has a half-life of 6 to 7 minutes and the **» 
second, approximately "70 minutes; 

Pip. 3 shows the exact treatment schedule for each 
of the twelve oatients receiving therapy with I.AK cells 
end IL-2. The day of leu>:aohCMV-«?is is signified by 
"L". The days of II--? anminir-trat ion are indicated by 
ooen boxes- The number inside the box indicates the 
numbs? of units (x 10- 3 )/ka administered intravenously 
every 8 hours. The numbers of LAK cells infused (x 
1CT 10 ) are also shown. The orotocol varied in 
different patients depending on patient tolerance to 

therapy and an attempt to administer higher doses of 

IL-2 as the protocol oroceeded; 

Fig. 4 shows bioosies of subcutaneous metastatic 
melanoma nodules from patient Mo. 1. (lert). 
?r*trestmfcnt. biopsy of 3 subcutaneous me t as V at i s shows 
an aoor^&te of pleomorphic tumor cells with a fibrous 
^su.-!ocm.su]v containing, a small number o' lvmohoirt 
colli, <r<chv). Biopsy from the sa-nc- patient t*»;*n four 
wve-X* iifti-r completion of th*rapy shows ozutfnsive 
coapiiifit ive necrosis of the melanoma and increased 
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number* of chronic inflammatory cell? within the 
fibrous capsule . No viable tunor was seen at this 
time. (Hematoxylin and eosin; 220); 

rlq. 5 shows time course of the reqression of 
subcutaneous we la noma nodules in patient No. 1. 
Siqnificant reqression of tumor was seen following the 
completion of LAK cell administration ano IL-2. By 
four weeks after the end of treatment, melanoma nodules 
were decreasing in size and had. disappeared completely 
by three months after therapy; 

Fig. 6 shows sequential biopsies of subcutaneous 
deposits of metastatic melanoma of patient No. 9 
(left). Pretreatment biopsy of a subcutaneous melanoma 
revealed sheets of melanoma cells with minimal necrosis 
and only rare lymphoid cells (right). The biopsy of a 
metastatic deposit r^seclcii two week s after therapy 
with LAK. cells and exhibited a tr.ar'^cl chronic 

inflammatory infiltrate. individual necrotic tumor 
cells Wi-re within Lh* r«*r i dual . vi .?Me rur-.jr. 

(Ho:n".to>:v! in and cosin; left) :•: 200. .(right) x WO; 



m 
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Fig. 7 shows the growth of a metastatic colon 
carcinoma to the luna before and after therapy with LAK 
cells and IL-2 in natient *o. 2. This patient hod five 
pulmonary metastatic lesions. The arowth curve of one % 
metastatic is illustrated here. This lesion continued '"^w 
to qrow over a two year period and did not respond to 
treatment with Mitomycin C. Within one week after 
treatment with LAK cells and IL-2, the lesions began to 
regress; 



IjrV/w , { AUITQ JLC Sion in vims ixy"*- \oi.*.ww. - w * ■ ^ V«M 



Fig. 8 shows pre- and post-treatment x-rays of the 

lunq lesion in the right lung (arrow in uop r left 
2 3 0 8 
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illLStr.Hi.-yi : r: :"i;;vr..- "7. Tin- l.-;i-.Mi -;:row 
prociressivciY prior to i r.i L ion of t.h.-iaoy on 
January 10, 19fi5. Eleven davs later sinnificant 
rccression of the nodule was noted. Two satellite 
nodules seen i^t above and to the riant of the laraer 
lesion completely regressed (see Fiaure 9); 

Fiq. 9 show* linear tomograms of pulmonary 
metastases from a patient with colon cancer (patient 
No. 2). These x-rays illustrate the presence of two 
metastatic nodules in the riant luna (arrow) prior to 
treatment with LAK cells and IL-2 (left). These two 
pulmonary metastases completely regressed (right). The 
configuration of the clips indicates that the same 
tomograDhic cut is shown in both x-rays. These 
metastases have not reaopeared after five months of 
f ol low-up; 

Fig. 10 shows computerized tomograms of the lungs 
of a patient with metastatic renal cell cancer prior to 
(upper D3nels) and af'.cr (lower panels) treatment with 
LAK colls and IL-2 (patient No. 31). Multiple 
pulmonary nodules were present in t!.is patient (arrow 
points to one metastasis) all of which redressed 
significantly within two wg*V.s after completion of 
therapv with LAK. eel In and 71.-2; 

Fin. 11 shows comouteri7.cd tomograms of the lunos 
in a oatient with an apical adenocarcinoma of the lung 
(patient No. 12). Seguential CAT scan sections are 
shown pior to (left) and following (riqht) treatment 
with LAK cells and IL-2. Significant regression of 
this primary aoical luno lesion (arrow in left middle 
nanel) was seen within two weeks after comoletion oS 4 
therapy; and . r 
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Fig. 12 shows fluctuation in circulatina white 
blood cell counts following administration of LAK cells 
and IL-2 in patient No. 3. The day of leuk aphe res is is 
signified by "L". The dose of IL-2 is shown in the box 
in units (x 10~ 3 )/kq and the day of LAK cell infusion 
is indicated by "LAK" . The number of circulating 
lvmDhocvtes decreased during IL-2 administration and 
then exhibited a rebound to above bastiine levels 
within 48 hours after discontinuing IL-2 (top panel). 
The circuiting <?os i noph i 1 s (middle panel) and the 
total white hlood cell count (hoitom panel) increased 
during the course of thoraoy. 

Detailed Description of Invention 

The above obioctr. and advantaacs of the present 
invention are achieved by a composition comprising 
lymphokine activated human perioheral blood lymphocytes 
when administered in a suitable pharmaceu t i ca 1 ly 
acceptable (sterile and non-toxic) carrier to humans 
sufferina from iromune-dysf unct io"» condition or 
cancer, A preferred lymphokine suitable for actiya&^jn v 
of said lymphocytes is iriterleukin-2 ^IL-^ r ^T^L- 2 tcan^* 
be obtained from any suitable source /including 
recombinant IL-2. Such lymphokine activated cells 
possessing ant i tumor . act ivity are herein defined as 
"lymphokine activated killer (LAK) cells." 

Just as LAK cells, so also phv tohemag lu tt inin 
activated killer cells (PAR cells) can be similarly 
used. Minimal side effects were observed with LAK or 
PAK cells. 



A major obstacle to the development of successful 
adop£juf immunotherapy has been the availability of 
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aonroorinu- coll:* for vjsc* in r»oop: i iranr.lVr. 
Pr^iercibl y , those cells lOuvjIo U> .vvoilabio in )»vqq 
numbers; ffosr. nni^J mocieln prt-vlict that approximately 
10" immune cells will be required to treat clinically 
evident human ma] ionancics. Those cells should be 
immunologically specific for tumor .inri should be well 
tolerated when adoptively transferred. The cells 
should preferably be autoloqous nlthou.,n this may not 
be an absolute requirement. Because irony no loo i ca 1 ly 
active cells tend to be larger than normal resting . 
cells, the "traffic" of these cells is important and 
administered cells should be able to traffic to sites 
of tumor in vivo * Further, immune lvtnohoid cells are 
capable of proliferating and an ideal cell for adoptive 
transfer should be capable of expanding in number at 
the tumor site either by direct antiaenic stimulation 
by tumor or by the presence of additional growth 
factors. The ability to amplify the effect of the 
transferred cells can be a maior asset in this 
approach . 

Peripheral blood mononuclear cells are obtained at 
multible leukaphereses following standard procedure 
well known in the art and incubated with IL-2. 
Recombinant IL-2 was preferable because of its easy/ 
availability. Following several days of ex vivo 
incubation in IL-2, usually three to four dzvs, the 
resultinq cells are capable of lysing fresh tumor cells 
without affecting normal cells. These activated c^lls 
are reinfused, preferably by systemic administration, 
into the autolooous oatient followed bv administration 
of suitable dosaae of recombinant IL-2 at frequent 
intervals, usually about every 8 hours. Patients 
received ud to 90 doses of IL-2 and from about 2.8 x 
10 10 to about 12.6 x 10 10 activated cells (LAK or PAK) 
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obtained from up to 34 sequential leukaohereses. 
Dependina on the condition of the oatient, of course, 
more or less IL-2 and more or less LAK cells could be 
administered. The number of lymphocytes may range from 
10 6 to 10 12 cells and the amount of IL-2 may ranae from 
10 3 to 10 6 units per kiloaram body weiqht administered 
multiple times daily* 

The activated cells in accordance with the present 
invention can be employed for the treatment of cancers, 
viral and other infective diseases, autoimmune 
diseases, for the correction of immune-deficiency 
diseases and the like- 
It has been found that precursors of LAK cells 
belong to the suboopu lat ion of "null" lymphocytes that 
bear neither T nor B cell surface markers- In the 
human these precursor cells are widely found in 
peripheral blood, lymph nodes, bone r. rrow and the 
thoracic duct. 

Althouqh any similar or equivalent methods .and 
materials can be employed in the practice and/or tests, 
of the present invention, preferred embodiments are ncjw 
described. All publications mentioned hereunder are 
incorporated herein by reference. Unless defined 
otherwise, various terms used herein have the same 
meaning as is well understood in the art to which the 
invention belonas. 

Patient Population 



Twelve patients with metastatic cancer who had 
failed standard therapy were treated in this study 
(Table 1). Five patients had malignant melanoma, three 
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had coiofcctal cancer, two h*;l sflrco-.-)^ on-;- ha'i renal 
cell ciincor a no on? had «n arl<- noca r c i noma of the 
iuno. All patients hod clinic^Mv cv.i 1 u<. Mt 'li^sr.f 
either !:y physicoi ex;.:ni :'.oL ion or on i.^andrtrd 
ra-iioqr.TPhic studio. All pr.ticnLs had undergone 
actor.? or attempted :;uiniccil excision of their primary 
disease and had then developed metas .r..*'i and failed 
standard therapy, if available. The clinical protocol 
used to treat these patients was approved by the 
Clinical Research Committee of the National Cancer 
Institute as well as by the Food and Drua 
Administration, Signed informed consent was obtained 
from all patients prior to entry into the trial. 

Prior to entering the trial, all patients 
underwent comolete medical evaluation with documentaton 
and measurement of all sites of metastatic disease. 
Evaluations of tumor response were conducted at the end 
of therapy and at varyinq intervals followinq therapy, 
qenerallv at two weeks, six weeks, and then every three 
months thereafter. 

Leukapheresis 

To obtain large numbers of lymphocytes, patients 
underwent repeated lymphocy tophereses using a 
continuous flow cell separator (I&M-2997, Cobe Labs, 
Lakewood, CO). Attempts were made to collect about 5 x 
10* to 5 x 10 10 mononuclear cells per procedure. At a 
flow rate of about 60-70 ml/win, 10 to 12 liters of 
whole blood could be processed in approximately 4 hours 
to achieve this cell yield. Standard acid citrate 
dextrose (ACD, N1H formula A) was used as the 
anticoaoulant. Vascular access was accomplished by 
riojoie anticubital venapuncture when possible, although 

nr*rtr4 one 
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many patients reauired either single or double lunen 
central venous catheters. Fifteen milliliters of ACD-A 
and 3,000 units of heprin (Porcine, preservative free; 
O'Neil, Jones and Feldman, St. Louis, MO) were added to 
the collection bags at the time of apheresis. The 
final volume of each leukaphere s i s pack was 300-400 ml 
collected in a Fenwal transfer baq (Travenol, 
Deerf ield , 1L) . 



Lymphocyte harvest and culture 



Mononuclear cells were separated using Ficoll- 
hypaaue density gradients. Two to three parts of 
Hank's balanced salt solution (HBSS) without calcium 
and maanesium were mixed with one nart of the 
leukapheresis cell suspension usina a plasma transfer 
set (Fenwal, 4C2240). Forty milliliters cf the diluted 
cell preparation were poured into 50 rr.l conical 
centrifuce tubes and were underlaid with 10 ml of 
lymphocyte separation media (I-SK; Littoi. Bionetics, 
Roc^ville, Kr>) . The orients were centrifuoeo at 900 
x c for IS minutes, the separated lymphocytes were 
harvested,- washed twice with HBSS and resu-pende^:in„-^ 
LAK activation medium. This medium consisted of RPMI 
1640 (low endotoxin; Microbiol oq i c a 1 Associates, 
Rockville, MD) , containino 10 units/ml of penicillin, 
10 va/ml of streotomvein sulfate, 2mM of qlutamine, 
5 uq/ml of qentamicin sulfate, and 2% heat-inactivated 
human AB serum (KC Biologicals, Inc., Lenexa, Kh). ° ne ^ 
liter of the cell suspension containing about 10 to 
10 7 cells/ml was added to 2.5 liter roller bottles 
(Corning 25140) and recombinant IL-2 was added. at a 
final concentration of about 1,000 units/ml. Roller 
bottles were incubated at 37«C and were continuously 
rotated at 0.5 to 1 revolution per minute for thr e to 
2 3 16 
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four days. The re.uUino LAK cells were centrifuge* at 

about 510 x g for 15 minutes in 1 liter bottles, the 

pellets were pooled in 250 ml centrifuqe tubes and 

washed twice more in HBSS without calcium, magnesium or 

phenol red, and the cells were resuspended in infusion 

medium consisting of 200 ml of 0.9* sodium chlorade 

eontaininq 5* normal hu«n ,crun albumin (American Rod 

Cross l.aood Scrvic*s. War-ninoton, n.C.) and 75,000 

unit:-- of '.•<•cor.Mn.iht I'..-?.. ::■-<- ■ • 1 • 

■ •. .... I \ 1 :'i i.i'iwr.lu' 

w-i-. • ilt.ore. J . throuMh s t «*r .1 <• -w>- I - 

- -._„„..:,>,-. m:" s . 1 Vlvn : : :,n-:f vrrori to 

Instrunetti Co., i»oc». . . 

a Fenwal transfer pack { Vc-nw;, 1 , -lli'.!024). 

When the harvest process was begun, a 2 ml aliquot 
was taken from one of the roller bottles and a gram- 
stain performed to check for the presence of nucro- 
oroanisms. In addition, an aliquot of the final LAK 
infusion suspension was cultured for fungi and for 
aerobic bacteria. Nn aliouot of the final infused c*M 
suspension was cryopreserved in liquid nitrogen for 
subsequent immunologic testinq. 

It r, a v be noted that if necessary, the activated 
-infusible LAK cells can be cryopreserved following 
standard procedure and these stored cells can be used 
after thawing at a later time to administer to 
patients. 

Tnterleukin-2 

The recombinant IL-2 used in this trial was 
obtained from the Cetus Corporation, Emeryville, CA. 
This IL-2 was produced in C. coll transfected with th 
oene for IL-2 isolated from the Ourlot cell line. Th 
TL-2 was purified to homoc-cneity and migrated as a 
2317 
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recombinant IL-2 have been expensively describe* 
(Roscnbera. et al., 1984 Science: 2 23:1412-1415). IL-2 
was obtained at a lyophiliaed powder and was 
reconstituted with 1.2 ml of sterile water per vial. 
Each vial contained approximately 0.3 mg of IL-2 ^ 
(specific activity. 3 to 5 x 10 6 units/mg). Less than **A 
0.04 nanogramr. of endotoxin were presc t rer vial as 
measured by the limulusamebocytc assay. Each vial also 
contained 51 mannitol and approximately 130 u q of 
sodium dodecyl sulfate per ma of IL-2. As mentioned 
before, IL-2 from non-recombi nant sources can, of 
course, be also used. 

Administraton of L.AK C ells and Recombinant IL-2 > 

LAK cells were administered intravenously through 
a central venous- catheter or into -a .Marge o«ioheral^:^^ 
vein in all patients except f or . pat ient' No. 8 (see-;^^*^ 
Table 1) who received LAK cells by direct infusion into ' - 
the V.epatic arterv via a percutaneous catheter. An 
initial infusion of approximately 1 0 8 cells was 
performed follow** fiv, minutes later bv the remainder 
of the cells over aonrox imatel v 2V minutes. No filters 
were used in the infusion lino. The infusion -bag 
gently mixed cvey fiv* minu.or, during the inrusion. 

Recombinant IL-2 was diluted in 50 ml of normal 
saline containina 5* human serur, albumin and was 
infused intravenously over a 15 minute period every 8 
hours. • 

Immunolo gic Studies 
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The titer of IL-2 used in these studies was 
determined by measurinq the ability of samoles to 
maintain o r o 1 i f e r a t i on of an TL-2 dependent cell line 
using the procedure of Rosenberg et al . 197B, J* 
Immunol.: 3 21:194 6-19 50, The titers used in these 
experiments were those obtained by the Cetus 
Corporation and were confirmed. Assays performed on 
this material along with the internet; .na 1 1L-2 
standard supplied by the Biologic Response Modifier 
Program of the Frederick Cancer Research Center, NCI, 
showed that one unit as used herein corresponded to 
approximately 0.4 international units. 

Aliquots of all infused cells were cryopreserved 
and at the end of each patient treatment these cells 
were thawed and tested for LAK activity using standard 
four hour chromium-release assays against fresh human 
tumor taraet cells as described bv Lotze et al . 1981, 
Cancer Res.; 41:4420-4425. In addition, serum and 
peripheral white blood cells were crvooreserved at 
regular intervals for immunologic testing. 

Administration of LAK Cells and Recombinant IL-2 

LAK cells were routinely tested for lysis of fresh 
natural killer-resistant tumor target cell as well as 
the natural killer-sensitive K562 cell line. 
Characteristic results of the LAK assays performed on 
cells from patient No. 2, are shown in Figure 1. 
Maximum LAK cell lysis was seen at ef fector : target 
ratios of 20:1 or less, with maximum lysis sometimes 
seen at ef fector : target ratios of 5:1. The K562 cell 
line was consistently more sensitive to LAK lysis than 
were fr sh tumor .cell preparations. LAK cell :' :• 
generation was relatively constant throughout the 
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1 euk aph ? r eses in each treatment cvcle. 

Patients received bolus inicctions of II. -2 every 8 
hours at doses of either 1 0,000 unitsAa, 30,000 
units/kg, or 100,000 units/kg depending on the protocol 
used in each patient. The characteristic pattern of 
serum IL-2 levels followina IL-2 infusion in patient 
no. 11 is shown in Figure 2. Serum II 2 '.evels dropped 
precipitously following the completion of each IL-2 
bolus infusion, consistent with the initial ^ to 1 ■ ..^ 
minute half-life of recombinant IL-2 in humans as has *>K 
been reported by Donohue . 19S3, 0. Immunol; 130:2203- 
2208; Chang et al . , 1984 J. Biol. Res. Mod.; 3:561- 
572. Following the administration of 100,000 units/kg 
serum levels generally fell to 1 to 5 units/ml by the 
time of the next injection B hours later. Lower levels 
of serum IL-2 were seen when 30,000 units/kq were 
administered (Figure 2) and little, if any, IL-2 levels 
in serum could be measured after administration of 
10,000 units/kg. Because murine tumor models suaqested 
that sustained serum level; of IL-2 were necessary to 
obtain optimal therapeutic effects, increasing doses of 
recombinant IL-2 intravenously were utilited is the . < 
therapy progressed. 

Results of Therapy 

The exact treatment schedules used in 12 patients 
are presented in Figure 3. Except for patients No. 10, 
11 and 12, all patients received at least two cycles of 
leuxaoheresis and several patients received three 
cvcles. in all cases an attempt was made ' to begin the 
IL-2 infusions at the time of LAK cell administration 
and to continue IL-2 for at least several days 
followinq LAK cell administration, if tolerated by the 
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The doses of LAK cells and recombinant IL-2 in 
each oaticnt and the results of treatment are oresented 
in Table 2. Six of these 12 patients experienced 
measurable tumor rearession includinq one complete 
tumor regression in ^ patient with metastatic melanoma. 

Patient No. 1 underwent complete rearession of all 
subcutaneous denosits of metastatic melanoma following 
therapy with LAK cells and IL-2. These lesions 
stabilized during treatment and, beginnino 
approximately four weeks after completion of therapy, 
the tumor nodules began to slowly regress. A biopsy 
taken at 4 weeks after the end of theraoy revealed 
coagulative necrosis of all tumor, chronic 
inflammation, and fibrosis (Figure A). All of these 
lesions regressed completely and this patient has been 
free of disease for six months following termination of 
theraoy. The time course of the rearession of several 
of these skin lesions with respect t«- the infusion of 
LAK cells plus TL-2 is shown in Figure 5. 

Peguential biopsies of the subcutaneous melanomas 
of another patient (No. 9), excised prior to therapy 
and at varying intervals after therapy, revealed an^ 
extensive infiltration of tumor with "activated* *•-'->.„. 
lymphoid cells following LAK cell and IL-2 
administration (Figure 6). Whereas the original tumor 
exhibited minimal necrosis and contained few 
lympnocytes, by the end of therapy lymphoid infiltrates 
were prominent at the tumor margins and scattered among 
viable and necrotic tumor cells. In this patient, 
althouoh several nodules exhibited a regression in size 
v-.vcr nodules enlarged. This patient (No. 0) was thus 

-,,, 2 " 1 , 87051876 ...... 



021 1769 



CM 
I 



c 
cc 
c 

! 

i! 



W 
0) 

q: 



X; 



c I 

o 



c 
o 

w 

to w 
a' ^ 

sr§ 

2 3 

CL S 

o 

u c 



c 
c 

• •—I 
U) 

o 

u > 

O «0 l/> 
l-i C — 

~.es a. a 8. 

- • if) in xf i 



<0 Vi-i G) 

a o e 



8 Si $ 

c c c 



c 

.2 

IT 

to 
a> 
J-I 



c 



c 
c 

IT) 
<D 
Vj 

S U ^ 



I -sis -s ss I 



S S S £ 



CD flJ 

a o e 



fir w 



c 

O 

CO 

in 
a> 

8! S* u w 

c u C Jj 

8. H 2 A3 

10 fl) *H 4J 

0) 3 « 

U xJ CX <tf 



c 

.2 

in 

i/> 



a> 

r- rvi CT* 



.s s 

o C- 



CD 



< 



0J 

c 



o 



If) 

*t~t B 

o •«-< 
in 



5 



o 



o 



o 
o 

CO 



o 
o 



o o 

VO CO 

r* vd 



o 
cc 

CM 



o 



o o 
cc 

\f\ CM 



o 
o 

CM 



C 

1 

2 



o 
rx 



co 

i 

CC 
CJ 



0) 

o 
c 

CC 

o 



s 



o o o 
««r cn r- 



co 

& 

c 

CC 



8 



a> 
u 



10 

§ 

8 6 2 | 

8 S E o 
c fa 



CO 

8 

c 

CO 
•— < 

C? 



8 
§ 

a 

c 
o 



in 



s 



in cm 



u 

8 

C 
CO 



8 

s 



0> 

° v. 

£ 8 



■* e 

3 3 



c 
CD 



CC 

a. 



2322 



87051876 



0211769 



considered to hove had no clinical response. 

Patient No. 2 had rectal cancer with five 
pulmonary metastases. Three of these metastases 
disappeared completely as documented by conventional • ^ 

chest x-ray and by linear tomography followinq therapy 
with LAK cells and IL-2 and the remaining two 
metastases, which were somewhat large;, decreased in 
size but did not disappear. The time course of tumor 
rearession of one of these latter metastatic lesions is 
seen in Figure "7. The pre- and dos t- 1 rea tment x-rays 
of a lesion that partially rearessed and of two of the 
lesions that completely reqressed are shown in Figures 
ft and 9 r respectively. The three lesions that 
disappeared by the end of therapy have not reappeared 
for the five months following treatment. The two 
nodules that partially rearessed began to grow again 
after approximately 6 weeks and the patient underwent a 
second course of therapy with a small diminution in the 
size of these nodules. The patient is receiving a 
tn:~*3 course of therapy. Of interest are the CEA 
levels in this patient, which were 159 at the 
initiation of therapy, 91 after the first course of 
treatment and 33 after the second course of therapy. 

Patient 8 experienced a partial regression of 
hepatic metastases from colon cancer as documented by 
ultrasonography and oatient 9 underwent a partial 
rearession of pulmonary metastases from melanoma. 
These patients had bulky sites of metastatic disease^ 
and althouah a 50% decrease in the volume of lesions "^v*. 
was seen, no lesions disappeared completely. Patient 
No. 11 exhibited a partial regression of pulmonary 
metastases from a renal cell cancer within two weeks 
after the completion of therapy (Fig. 10) and patient 
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12 exhibited a partial response to therapy of a large 
aoical lung adenocarcinoma within two weeks after 
completion of therapy (Fiqure 11). These patients are 
carefully being followed and will be retreated if less 
than o complete remission is seen. 

The ::.ajor factors were involved * therapy 

modifications *ade as the protocol proceeded. These 

were: U) There was rapid disappearance of LAK 

precursors from the peripheral blood during IL-2 

administration and thus lcuk aphe reses did not result in 

acceptable cell vields while IL-2 was beinq given. 

Attempts were made to harvest lymphocytes during IL-2 

infusion from four pilot patients treated prior to the 

treatment of the 12 patients reported in this 

protocol. Minimal numbers of cells were obtained 

because of the absence of LAK precursors in the 

circulation durinq IL-2 administration and none of 

these four patients received more th*.:i 2 x 10 10 total 

cells. For this reason leukaohereses were performed 

after IL-2 administration was discontinued. (2) There 

was a . marked rebound in the number of ly^ohocy Les ^as ^ _ 

well as the number of LAK precursors in the circulation^ = 

followina the discontinuance of IL-2 administration. 

Therefore, as the protocol proceeded, IL-2 was 

administered for several days and then IL-2 

administration was discontinued approximately 36 hours 

before beginninq leukaoheresis. An example of the 

fluctuation in lymphocyte counts as a function of IL-2 

administration in patient No. 3 is shown in Fiaure 

12. Thus by cycling the administration of IL-2 and 

leukapheresis, it was possible to markedly increase the 

number of LAK cells harvested. The toxicity of TL-2 

limited the amount of IL-2 that could be given. Animal 

models indicated that the th raoeutic effect was 
2324 
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directlv related to the number of LAX cells infused and 
lo the amount of IL-2 administered. Because of the 
toxic side effects associated with IL-2 administration, 
vide infra , most patients treated in the early phase of 
this clinical, protocol received 10,000 units/kg of IL-2 
every 8 hours. Subsequent patients received 30,000 
units/kg and patients No. 11 and 12 received 100,000 
units/kg. In aeneral, the laracr IL-2 oscs were not 
well tolerated for lona Deriods of time, hence fewer 
treatment cycles were administered. ^ 

Toxicity of Treatment 

The toxicity of therapy in these patients is 
presented in Table 3, In previous studies, it was 
demonstrated that the infusion of activated Killer 
cells alone was accompanied by transient fever and 
chills and a transient decrease in pulmonary diffusion 
caoacity ( Rosenberg . 1984, J. Biol. Reso. Mod.; 3:501- 
511; Kazumder, et al . 1984, Cancer; 53:896-905). 
Patients in the current study often had chills 
immediately following cell infusions which were 
generally well controlled by the intravenous 
administration of either meperidine (25 to 50 mg) or 
morphine (4 to 6 mg), 

In this protocol, the major side effect associated 
with IL-2 administration was weight gain due to fluid 
retention probably resulting from a Generalized 
increase in caoillarv nermeabi 1 i tv. ^.ight of the 12 
patients gained greater than 10% of their starting 
weiqht. This fluid retention was most profound in soft 
tissues resulting in marked peripheral edema but at 
early tames appeared to spare the lungs. Lung water 
measurements on selected patients qiven IL-2 at doses 
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of 30,000 and 1 00,000 unitsAq were within normal 
limits. Late in the course of IL-2 administration, 
however, fluid retention often resulted in pleural 
cfi'usiop.r* and inciter, with radiographic appearance ot 
interstitial eciem<» in the lungs ar.iiociatcd with dyspnea 
in 9 of the 12 patients- Two of these Datients 
(patient No. I and 12) devclooed severe respiratory 
distress reauirinq incubation for 1 and days, 
rer.poctivolv. In addition, II. -2 infusions wo 
^scoc itited with, f e v<.- r c - ; p. <\ ru* 1 <i i * c- :\ n;! *cvcn of the 12 
patients develooed a generalized erythematous rash. 
The fever, chills and malaise could be eliminated by 
the use of the acetaminophen (650 mq every 6 hours) and 
indomethicin (25 mq every 6 hours) and many of the 
oatients received these niedi ca t i ons . Many patients 
also received hydroxyzine hydrochloride, an 
ant ihistaminic, for treatment of thoir rash. Sleep 
medication used in most patients was doxepin. Most 
patients were maintained on ranitidine. (150 mg orally 
per day) for prophylaxis of gastrointestinal 
bleeding. Significant renal dysfunction resulting in 
low urine output was an uncommon side effect and only 
three of 12 patients developed serum creatinine levels . 
greater than 2 mq/%. Five of 12 patients developed 
transient hyoerbilirubinema of greater than 2 mg/%. 
Eosinophilic was common and 11 of the 12 patients 
developed circulating eosinophils which were greater 
than 5% of the total white cell count and in several 
patients greater than 80% of the total circulating 
white cells were eosinophils at the heioht of IL-2 
administration. IL-2 administration also appeared to 
be associated with hematopoietic suppression. All 
oatients required blood transfusions d»irinq the course 
of therapy to correct anemia and four of 12 patients 
developed thrombocytopenia with less than SO, 000 
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platelets/mm 3 . 

In all Daticnts adverse otf ects disaopeared 
promntlv after ceasinq TL-2 nrin i n i s t r a t i on and all 12 
patients were eventually discharged home for follow- 
up. Diuresis generally beoan within 24 hours after I L- 
2 was discontinued jnd could he hastened by the use of 
diuretics. Other side effects General / riisaooeared 
within four to five days after stopping the IL-2. One 
additional patient, not considered in this report, 
developed chest pains during the first cycle of cell 
infusions and therapy was discontinued prior to the 
completion of one cycle. Subsequent studies did not 
confirm a diagnosis of myocardial ischemia. This 
patient was discharged home and was not retreated. 

The present study is the first report of the use 
of lymphokine activated filler (LAK) cells in 
conjunction with inter leuk in-2 (IL-2) in the therapy of 
patients with cancer. This clinical crial was preceded 
by the demonstration lhat the administration of 
svnaeneic LAK cells an.i recombinant IL-2 var- fc :;M.V;Me of 
mediating the regression of established pulmonary and 
hepatic metastases in a variety of transplantable 
murine tumors including immunoaenic and non-immunogenic 
sarcomas, a -melanotic and 3n amelanotic melanoma, a 
murine colon adenocarcinoma, and a murine bladder 
cancer in two different strains of .mice ( Mule, et al » 
1984, Science; 225:1487-1489; Mule, et al . 1985, J. 
Immunol.; 135:646-652). In addition, 26 cancer 
patients were treated with activated killer cells alotlj;^ 
( Rosenberg . 1984, J. Biol. Resp. Med.; 3:501-511; 
Mazumder, et al . 1984 Cancer; 53:896-905) and 39 cancer 
patients with IL-2 alone ( Lotze et ah 1985 J. 
Immunol.; 134:157-166) prior to combining these 
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therapies in humans. Of the 12 patients treated in 
this protocol, 6 experienced objective remissions of 
their metastatic cancer. All patients had advanced 
metastatic cancer and had previously failed standard 
therapy, including surgery, chemotherapy and radiation 
therapy- In addition, some patients had also failed to 
respond to investigational therapy with monoclonal 
antibodies or interferon. 

In vitro studies have demonstrated that LAK cells 
are capable of lysing a wide variety of tumor targets 
in the human but do not lyse normal cells. In a study 
of 41 consecutive single cell suspensions of human 
tumors, 36 were significantly lysed by LAK cells 
including adenocarcinomas of the stomach, ovary, 
pancreas and colon as well as a variety of sarcomas and 
melanomas ( Rayner , et al . 1985 Cancer; 5 5:1327-1333). 
Though little is known about the antigen recognized by 
LAK cells, without being bound to any specific theory, 
it is postulated that it is ubiquitously distributed or^ (( 
transformed but not on fresh normal ceJs. The 
precursor of the LAX cell in both the mouse and the 
human appears to be a non-T, non-B "null" lymphocyte. 
In the mouse, the LAK precursor cells are Thy-l-#;^Ia- # 
and in the human the precursor cells are Leu-1-, 
OKT-3-, Leu-7-, OKM-1-. These LAK cell precursors, 
therefore, are different from natural killer cells both 
in cell surface phenotype and in their lytic 
specificity ( Grimm et al . 1982 J • Exp. Med.; 155:1823- 
1841). Natural killer cells lyse cultured target cells 
and have little, if any, effect on fresh tumor 
targets. The LAK effector cell, in distinction to the 
precursor cell/ however, appears to be a T cell since 
in the mouse it bears the Thy-1 antigen. The LAK 
precursor cell thus appears to be a primitive cell in 
2330 
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the T : 1 lineage which can differentiate into a T 
cell under the influence of IL-2. The physiologic 
function of these LAV. cells in normal humans is unknown 
although these cell make qood candidates for a role in 
natural immunosur i 1 lance against transformed cells. 

The murine models predicted that both LAK cells ^ 
plus recombinant IL-2 would be necessar, tc mediate 
antitumor effects ( Mule, et al . 1984 Science; 225:1487- 
1489; Mule, et al . 19RS. 3 . Immunol.; 135:646-652). 
Althouah extremely high doses of IL-2 can mediate 
antitumor effects in the mouse (Rosenberg et al. 1985. 
3. Exd. Med.; 161:13 69-1188) it is not possible to 
achieve these doses of IL-2 in humans because of the 
toxicity associated with IL-2 administration. Thus, in 
the mouse, administration of LAK cells alone or low 
doses of recombinant IL-2 alone had no antitumor 
effects. This was corroborated in previous human 
studies in which twenty-six humans received LAK cells 
alone, and 39 humans received IL-2 alone (16 received 
the natural human IL-2 and 23 received recombinant IL- 
2). No antitumor effects were seen (Rosenberg. 1984. 

Biol^ Resp. Med. ; 3:501-511; Mazumder et al. 1984. 
Cancer; ^53:896-905; Lotzc et al . 1985. J . Immunol.; 
134:157-160. Because the mouse models predicted that 
a continuous exposure to IL-2 was necessary in vivo, a 
dose scheme in humans was selected which included every 
8 hours intravenous infections. Earlier studies with 
the continuous infusion of IL-2 showed that even at 
maximum tolerated doses barely detectable levels of IL- 
2 could be found in the circulation. When bolus doses 
were aiven- every 8 hours, however, hiqh-serum levels 
were seen for several hours (Figure 2). 

is d scribed herein, sianificant antitumor effects 
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wer" seen in patients when both LAK cells and IL-2 were 
aiven concurrently. The six objective responses 
reported here occurred in four different histologic 
types of tumors including melanoma, colorectal cancer, 
renal cell cancer and lunq adenocarcinoma. Because of 
the broad lytic specificity of LAK cells in vitro, it 
is clear that this treatment modality has applicability 
to a large number of histologic subtypes of cancer. 
Five of the six patients achieved obje^ .ivf partial 
remissions (at least 50% reduction in the volume of 
tumor) and one oetient achieved a comolete remission of 
disease and has been free of tumor for six months 
following treatment of a disseminated melanoma. In 
patient No. 2 who underwent complete regression of 
three of five pulmonary metastases, the three 
metastases that disappeared have also not returned 
whereas the two metastases that only oartially 
reqressed began to reorow after approximately one 
month. These results indicate that elimination of 
tumor deposits can result in long-term tumor control 
but that partial tumor elimination ma;, be followed by 
prompt regrowth of tumor. In murine models extensive 
search was made for the presence of tumor cells that 
are resistant to LAK lysis and it could not be 
demonstrated that such cells exist. In mouse tumor 
models, metastases that survive LAK and IL-2 therapy 
are as susceptible to LAK cell lysis, both in vitro and 
in vivo , as was the original tumor. 

Other approaches to iroorovinq this therapy have 
been suggested by the murine models. Minimal tumor 
burdens are more susceptible to curative LAK therapy 
than is bulk disease and the utilization of this 
therapy as an adjuvant treatment immediately following 



is indicated. Because theraoy vith LAK cells 
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and IL-J is not rfeoendent on host immunoconoetence 
( Mule et al . 1985. J. Immunol.; 135:646-652) the 
Dresent treatment modality may be ideal for combination 
with chemotherapy iind radiation therapy- In addition, 
the murine experiments indicate that allogenic LAK 
cells are as therap-rut ical 1 y effective as synaenetic 
cells ( Mule et al , 1985. 3 . Immunol; 135: 646-652) and 
that direct orqan infusion of LAK cells, may be more 
effective than systemic administration of LAK cells. 
It should be further noted that the present invention ,^ 
is not limited to LAK cells only. Of course, any other 
suitable immune cells could just as well be employed. 
In addition, these LAK or other immune cells having 
similar properties could also be expanded in tissue 
culture and then utilized in accordance with the 
present invention. Furthermore, monoclonal antibodies 
could also be used to direct both the LAK cells and IL- 
2 to the tumor site. Such modifications as mentioned 
above are not restrictive, of course, and various other 
modifications will be readily apparent and suggested to 
one of ordinary skill in the art. 

The administration of LAK cells in conjunction 
with IL-2 as described herein represents a new aoproach 
to the treatment of cancer with potential applicability 
to a wide variety of tumors or immune sensitive 
conditions. A maior advantaoe of this* approach is its 
broad antitumor specificity. The similarity of results 
obtained in humans compared to the murine models, 
reinforces the utility of the adootive immunotheraDy as 
an efficacious treatment modality for the control of 
cancer and other immune-related dysfunctions or 
di ceases . 

7i is understood that the examples and mbodiments 
23 33 
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riescr i nen herein ,ue for illustrative purposes only and 
that various modifications or chanaes in licht thereof 
will be suagested to persons skilled in the art and are 
to be included within the spirit and purview cf this 
application and the scope of the appended cla«»'.s. 
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1. A composition cor.-.pr i s i nq isolated, 1 yriphok i no- 
activated lymphocytes in a oha rmaceu t i ca 1 ly acceptable 
carrier/ s'aid lymphocytes being reactive to tumor when 
adminir.tered with a lymphokine to humans suffering from 
said tumor. 

2. The composition of Claim 1 wherein the number 
of said lymphocytes ranges from about 10 to 10 cells 
pe r ml. 



3. The composition of Claim 1 wherein said 



lymphokine is l n ter 1 euk in-2 . *~ 

4. A method of treating cancer in humans 
comprising administering to a human suffering from said 
cancer an effective amount of lymphokine and 

lymph ok i ne-act i va ted lymphocytes . 

5. The method of Claim 4 wherein said lymphokine 
is inter leukin-2 . 

6. The method of Claim 5 wherein said cancer is - 
melanoma, osteosarcoma, lunq adenocarcinoma, renal cell 
cancer, colon cancer, rectal cancer or sarcoma. 



7. The method of Claim 6 wherein the amount of 
interleuk in-2 ranges from about 1,000 to 10 6 units per 
kilogram body weiaht administered multiple times daily. 



8. The method of Claim 6. wherein the amount of 
the Ivmphocyces ranges frcm about 10 6 to 10 12 cells. 
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